The magnetic field -temperature (B − T ) phase diagram of the Mn 0.9 Co 0.1 P single crystal is studied in the vicinity of the Lifshitz point by means of isothermal magnetocaloric coefficient (M T ) and AC susceptibility measurements. Results confirm previously reported shape of the B − T phase diagram and locations of characteristic temperatures and fields. At the Curie temperature (T C ) the critical exponent ω, which describes a singularity of M T as a function of magnetic field (M T ∝ B −ω ), is estimated for B parallel to the easy axis to be equal to ω ≈ 0.35. Below T C an evidence of a new enigmatic phase, reported previously for pure MnP, is found in susceptibility data also for Mn 0.9 Co 0.1 P. However, the range of existence of this phase is significantly larger here, than in MnP. At the Lifshitz point we observe a sharp peak in the imaginary part of the magnetic susceptibility. A phenomenological theory is introduced to describe the field dependence of the critical lines from the disordered phase (paramagnetic) to ordered phases (ferromagnetic and modulated). The temperature and field dependences of the magnetocaloric coefficient and susceptibility are also calculated within the same framework.
I. INTRODUCTION
The magnetocaloric effect is the basis of the magnetic refrigeration technology, and manganese phosphide (MnP) was found to be a good candidate for such applications 1 . However, the isothermal magnetocaloric effect can be also a useful tool, complementary to the specific heat and magnetic susceptibility measurements, for studying magnetic phase transitions 2, 3 .
The technique for determining the isothermal magnetocaloric coefficient via precise measurements of the heat flux between the sample and its surrounding (M T ≡ δQ δB
, where Q is heat going out of the sample) was presented in Ref. 4 . In the present paper, we use this technique, along with measurements of the magnetic susceptibility, to study the high temperature part of the magnetic field -temperature (B − T ) phase diagram, thermodynamics and critical behavior of the Mn 0.9 Co 0.1 P single crystal. The phase diagram of Mn 0.9 Co 0.1 P which is a homologue of manganese phosphide with disorder on the metal sublattice was already described in several papers [5] [6] [7] [8] . The high temperature part of this phase diagram was shown by means of AC susceptibility and magnetization measurements to be analogous to that of pure MnP. This includes a multicritical point which divides the critical line between disordered (Para) and ordered phases into two parts, such that on the first the phase transition to the ferromagnetic (Ferro), while on the second to modulated fan-like (Mod) is observed. There is a strong evidence that such a multicritical point in MnP exhibits Lifshitz type critical behavior [9] [10] [11] [12] [13] . The occurrence of a Lifshitz point in the B − T phase diagram of MnP was discussed by Yokoi, Coutinho-Filho, and Salinas 14 , who utilized a spin (S = model and found, in the MFA, the ground state solutions. To extend the theory to finite temperature they assumed, similarly to the previous authors, that the model parameters are temperature dependent. For example, they chose arbitrary that the magnetization decreases with temperature according to the temperature in the following way:
where c k was chosen to have k(T L = 121K) = − for the Para/Ferro phase transition, whereas for T < 100K the transition to the Para phase occurred in two steps. The phase between the Para and Ferro phases was identified as the fan phase by analogy with MnP. The critical fields were determined by the intersection of tangents to the χ ′ (B) curves, which were, as the authors stated, to some extent arbitrarily selected just below and above the transition 8 .
The main purpose of this paper is to report the results of the magnetocaloric experiments for Mn 0.9 Co 0.1 P and show a usefulness of this technique to study phase diagrams and critical behavior of magnetic systems in the field. We also investigate the possibility of the occurrence of the novel phase, which was reported by Beccera 19 in MnP, in the Co-diluted system. Finally, we propose a simple phenomenological "hybrid" theory which allows us to reconstruct the high temperature part of the B − T phase diagram as well as temperature and field dependences of magnetocaloric coefficient, magnetization and transverse susceptibility in the vicinity of order -disorder phase transitions lines in magnetic systems which exhibit the Lifshitz multicritical point.
II. EXPERIMENT
We study the Mn 0.9 Co 0.1 P single crystal that was obtained by the Bridgman method as described in Ref. 
III. RESULTS
The motivation for choosing the Mn 0.9 Co 0.1 P single crystal was influence of the cobalt substitution on the Curie temperature (T C ) in this compound. Namely, 10% Co-doping lowers the Curie temperature from T C = 291. Another characteristic that is common for Mn 0.9 Co 0.1 P and MnP is a broad maximum in χ ′ (T ) dependences that appears above Para/Ferro transition for non-zero magnetic field (see transition has the step-like shape (see Fig. 4 ). On the other hand, it should be also noticed that one of the Riedel and Wegner 26 assumptions:
, which is true for the small field, is not fulfilled in the vicinity of the LP (see Fig. 5 ). It leads us to the conclusion that, in general, one cannot find the specific heat critical exponent α from the transverse susceptibility or magnetocaloric measurements. It is despite the fact that within the Landau theory all three quantities: specific heat, transverse susceptibility and magnetocaloric coefficient, share the same behavior, i.e. have a jump at the transition line:
This is based on the Landau free energy expressed in the form:
where t c is the zero-field critical temperature, k uniaxial anisotropy constant, and m z , m x magnetization components along and perpendicular to the easy axis, respectively.
IV. THE MODEL
A complete microscopic theory for magnetic behavior of MnP and all the more of model Hamiltonian. The model considers spin layers with anisotropic ferromagnetic intralayer interactions described by the Hamiltonian
where S n α,i denotes the i − th S = 1 2 spin in n − th layer, h ≡ B/µ. and j x > j y > j z . The easy axis is along x direction, the z and y axes are the medium-and hard magnetization direction respectively. The magnetic moment near the critical line lies in the (x, z) plane.
The ferromagnetic layers are coupled by interlayer interactions
The phase diagram of Mn 0.9 Co 0.1 and magnetic structure of the low temperature phases was presented in previous papers [6] [7] [8] . Here, our aim is to describe the thermodynamic behavior near LP, so we take into account only the interaction between x spin-components connecting the n − th layer to (n + p) − th layers and we do not assume the explicit form of the H q interaction. For the thermodynamics of the Para/Ferro phase transition the second term in (5) plays no role and by using (4) and (5) one can easily find, in the MFA, the Landau free energy in the following form
where:
Taking into account the exchange constants connecting only nearest-and next-nearestneighbor layers we have:
where z i denote the appropriate coordination numbers. Thus, in the present approximation, the system is in fact described by only one internal parameter J z (one can assume J x = 1), reduced temperature t, and external field h, which are measured in units of J x .
By minimizing the free energy (6) one can easily find the paramagnetic phase with magnetization along the field m x = 0, and m z being the solution of the following cubic equation
which can be easily found in the form:
where
In the ferromagnetic phase (m x = 0 and m z = 0) m z is also a solution of the cubic equation with slightly more complicated coefficients:
and
The temperature dependences of the Para/Ferro phase transition order parameters m x (magnetization component perpendicular to the field direction) and m z (magnetization component along the field) for J z = 0.8 and h = 0.15 are presented in Fig.7 . As seen in the paramagnetic phase χ has a maximum that decreases, widens and shifts to higher temperature with increasing field. Such a maximum is visible in our measurements ( Fig. 1 ) and was previously reported by Beccera 19 , who claimed that the existence of this maximum "is explained in terms of critical fluctuations that precede the ferromagnetic transition". However, in the present approximation (MFA) critical fluctuations are neglected and we obtain the similar behavior of χ nevertheless. It suggests that perhaps the explanation of the susceptibility temperature dependence of the system under consideration does In order to analyze the Para/Mod phase transition near the multicritical point we insert two following terms into free energy (6) in the spirit of the Landau theory
where q is additional, fictitious order parameter that describes the difference between the magnetization of the two adjacent layers. The parameter q is different from zero only if the order parameter m x = 0. Now, by minimizing the free energy (6) supplemented by the two terms of (14)
and except for the uniform solution q = 0, one can find the solution describing a modulated phase with
and magnetic order parameter
where similarly to the previous cases m z is a solution of the cubic equation
It is easy to see that for A q < 0 the ferromagnetic phase with m x = 0 and q = 0 is unstable with regards to q because
Unfortunately, in contradistinction to the coefficients of the free energy (6) we do not know the form of the coefficients A q and B q as functions of the microscopic parameters. Thus according to the Landau theory, we assume that B q is constant near the LP and A q is given by the formula
where t LP , the critical temperature of the LP transition, depends on J z and h and is the end point of the Para/Ferro critical line. For J z = 0.8 and h = 0.25, t LP ≈ 1.59. In 
In Fig.10 the temperature dependences of the order parameter m x , fictitious order parameter q, and magnetization component along the field m z for J z = 0.8 and
= 2 at the external magnetic field h = h LP are presented. As observed experimentally in the Mod phase m z remarkable decreases with decreasing temperature whereas in the Ferro phase (see Fig.7 ) is almost temperature independent. Fig.11 shows the temperature dependence of the longitudinal susceptibility for a field h ≥ h LP (Para/Mod phase transition). As seen in Fig.10 similarly as for the fields h ≤ h LP (Fig.8 ) also here the maximum of the susceptibility exists and its location is shifted towards 
